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Specification 

(54) Title of Invention: Manufacturing Method of Thin Film Transistor 
(57) Summaiy 

[Puipose] To manufacture a thin film transistor without a liigh temperature thermal 
processing process, and to make a tlii*eshold voltage Vth of the thin film transistor stable and 
unifonii. 

[Means for solution] A gate electrode 41 and a gate insulating film 42 are formed on a 
substrate 50, and a poly ciystalline silicon thin film 10 with high impm'ity concentration is 
formed with the gate electrode 41 insulated. Then, an ion which innc:tivntos im])ui-ity 
element in silicon is implanted into one portion facing the gate c^lcctrodc 41 of the. 
polyxiystalline sihcon thin film 10. Accordingly, the portion becomes a channel re^on 1 
because the carrier concentration of the portion is lowered, and the rest become source and 
drain regions 2. Consequently, a thin fihn transistor wherein the carrier concentration of 
the channel region 1 is controlled precisely is manufectured without a high temperature 
thermal processing process. 

[What is claimed] 

[Claim l] A manufacturing method of a thin film transistor comprising: 

a gate structure forming process for forming a gate electrode and a gate insulating film; 

a depositing process for depositing a semiconductor tliin fihn with high im]3urity 
concentration with said gate electrode insulated; and 

a channel forming process for making one portion facing said gate electrcjcle of said 
semiconductor thin film a channel region by ion unplanting and making the rest a source 
region and a drain region; 

wherein an ion implanted in said ion implantation inactivates mi impmity element in 
said semiconductor thin film. 

[Detailed Description of the Invention] 
[0001] 

[Field of the invention] The present invention relates to a manLifactming method of a thin 
film transistor, for example used for a switching element of an active matrix type display 
device, furthermore relates in detail to a manufacturing method of n thin film transistor 
wherein an element that a stable and uniform threshold voltage of each thin film transistor 



1 



09-074207 

is obtained and a mvilti'gi'adation operation is possible can be manufactured without a 

thermal damage on a substrate and with simple process. 

[0002] 

[Prior art] Conventionally, in an active matiix type display device using a material for 
displaying such as liquid ciystal etc., a thin film transistor is used as a switcliing element of 
each pixel. The thin film transistor Uke this, for example, is mentioned in Japanese Patent 
Gazette of Laid-Open No. Sho 63*224258 etc. 

[0003] The conventional manufactiuing method of a thin film <;ransistor, in outline, is 
manufactming a thin film transistor shown in Figuie 8 by a ilow such as I'igurc 7. Thai is 
to say, fii'st a gate electrode 51 of the decided shape is formed on a tr^uis])arent ^lass 
substrate 50 (a). This gate electrode 51 is made of metal such as molvbdcnum (Mo) etc. or 
poly-crystalluie siUcon (SO. Then, a gate insulating film 52 is formed on the glass substrate 
50 including this gate electrode 51 by CVD (chemical vapor phase deposition) (b), and a 
channel layer 53 is formed on this gate electrode 51 and the gate insulating film 52 (c). This 
chaimel layer 53 is made of amorphous sihcon or polyciystalHne silicon, wherein an impuritj^ 
with low concentration is doped. The threshold voltage Vth of operation of the thin film 
transistor is decided by the impurity concentration of this channel layer 53. 
[0004] Next, a channel stopper layer 54 of silicon nitride (SiNx) is formed on this channel 
layer 53 by plasma CTVD (d). This channel stx:)pper layer 54 becomes an etching stop]^(n' in 
the subseqvient source and di*ain processing. Then, the cliannel Inycr 53 is etched inlo Iho 
decided shape (e), on which a source and di'ain layer 55 is formed to the decided shape (0, 
furthermore on which a vsource and drain electrode 56 is formed to the (](M:icl(ul slinpo (^). In 
case that the som^ce and drain layer 55 and the source and di^ain electrode 56 are etched into 
the decided shapes, the chaimel layer 53 is prevented fi'om etcliing by the chmmel sto])per 
layer 54. The source and drain layer 55 is made of amoiphous silicon or poly ciystalhne 
sihcon, wherein an impurity with high concentration (the same imptuity of pn polarit}^ as the 
channel layer 53) is doped. The source and drain electrode 56 is made of metal such as 
aluminum (Al) etc. At last, covering a sihcon nitride pi'otective film (FigLue is omitted) is 
performed by plasma CVD (h), consequently a thin film transistor device is accomplished. 
[0005] In the thin Glm transistor manufactured in this way, because the channel layer 53 has 
high resistance for its low impurity concentration, the cond^ictivity between the som-ce layer 
55 and the drain layer 55 is OFF vinder noimal conditions. However, when the voltage V^r is 
appUed to the gate electrode 51, the field effect increases the caiiier concentration in the 
channel layer 53 so that the resistant value is lowered, consequently the conductivity 
between the source layer 55 and the drain layer 55 becomes ON. The gate voltage Vjr causes 
this ON reverse is a threshold voltage Vth. 

[0006] The manufacturing method mentioned above is that a thin film transistor is 
mamifactxu'ed by using a transparent glass substrate 50 as a substrate for being used for i\ 
display device, and not using high temperatvire thermal processing, for example, ion 
implanting and thermal diffusion, because this glass substrate 50 is easily affected by liigh 
temperature. Accordingly, in forming the channel layer 53 (c), and forming the source and 
di'ain layer 55 (:0, not a non-doped film containing no impmity is deposited, and into which 
an impurity is introduced and diffi-ised subsequently, but a doped film containing an impurity 
fi'om the first is deposited. 
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[0007] 

[Problems to be solved by the Invention] However, the tliin film transist(jr manufactured by 
said conventional method has problem that the threshold voltaj^e Vih is variable cxtonsivoly. 
The cause is the variable impmity concentration of the channel laj^er 53. . 
[0008] Fii-st, for nifiking this reason clear, the relation between the impurity concent i jition of 
the channel layer 53 and the threshold voltage Vth is exp lamed. A thin film transistor of tliis 
kind operates ON by which the carrier concentration in the channel layer 53 rises up to the 
value enough for conductivity between the source layer 55 and the chain layer 55 by the field 
effect of the gate voltage Vp. The gate voltage Vg necessaiy for this operation is the 
tln-eshold voltage Vth. The impmity concentration of the chamiel laj^er 53 decides the 
original value of the carrier concentration, therefore, when the impurity concentration is 
varied, the threshold voltage is also varied. For example, in case that the impurity 
concentration is higher than the normal value, the original courier concentration of the 
channel layer 53 is high, consequently the thin film transistor becomes ON by lower gate 
voltage Vjr, That Ls to say, the threshold voltage Vu, is lower than the normal value. On the 
other hand, in case that the impurity concentration is lower than the normal value, the 
threshold voltage Vth is higher than the normal value. Therefore, in order to obtain the 
precise threshold voltage Vth, the impmity concentration of the chamiel layer 53 needs to be 
uniform. 

[0009] In said manufacturing method, this channel layer 53 is fornuKl by deposilin^ ns a 
doped film containing the impmity. However, in a region with low impurity concentiation, 
the concentration is variable extensively because it is dif&cult for the device to control the 
concentration. On that point, this method is diflferent fix)m ion implantation wherein the 
number of implanted ions can be controlled precisely. This vjuiation of the concentration 
exists between thin film transistors each other on one substrate as well as between 
substrates. Accordingly, the thi*eshold voltage Vth of each thin film transistor is variable on 
one substrate. Consequently, the number of gradation of display used for a display device is 
limited to about sixty-fom\ and it cannot be increased any more. 

[OOlO] The present invention, is accompHshed for revsolving the problems of the conventional 
technology, and has the puipose to offer a manufacturing method of a thin film transistor 
wherein a thieshold voltage Vth of a thin fiJm transistor is stable and is obtained vmiformly 
with high reproducibility without high temperatm^e thermal processing process. 
[0011] 

[Means for resolving problems] A manufactming method of a tliin film transistor concerned 
in the present invention for accomplished said puiposes is characterized by comprising- 

a gate structure forming process for forming a gate electrode and a gate insulating film; 

a depositing process for deiDositing a semiconductor thin film with high impiuit>' 
concentration with said gate electrode insulated; and 

a chamiel forming process for making one portion facing said gate electrode of said 
semiconductor thin film a channel region by ion implanting and making the rest a source 
region and a drain region; 

wherein an ion implanted in said ion implantation inactivates an mipmity element in 
said semiconductor thin film 

[0012] In this manufactming method, after a gate electrode and a gate insulating film fire 
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formed in a gate striictiu-e forming process, a semiconductor thin fiLn with high uniJiuity 
concentration is deposited in a depositing process. This semiconductor thin film is deposited 
with the impuiity concentration having a suitable resistant value for a source region and a 
di-ain region of a thin fiilm transistor. This concentration can be controlled preciselj^ by a 
deposit apparatus, therefore the precision of the impmity concentration in the semiconductor 
thin film is high. Also, this semiconductor thin film is insulated from the gate electrode hy 
the gate insulating fihn. Then, ions are implanted into one portion of the semiconductor 
thin film in a channel forming process. The portion into which the ions arc implanted is 
further one portion of the portion facing the gate electrode in the semiconductor thin dm. 
The ioni5 implanted here inactivates the imjDm'ity element in the semiconductor tliin film so 
as not to contribute to carrier grant. Accordingly, the portion into which this ion is 
implanted becomes the channel region of the thin fihn transistor because the carrier 
concentration is lowered and the resistant value is increased in spite of high impmit3^ 
concentration. The portions where the ions ai-e not implanted in the semiconduclor thin 
film become the sovirce region and the drain region of the thin film transistor. Besides, this 
ion implantation does not cause a thermal damage because a heating diffiisiori processing is 
not performed subsequently. 

[0013] The thin film transistor manufactured in this way comprises the channel region which 
is one portion of the semiconductor thin film with high impiuity concentration and into 
which the ions inactivating the impmity element are implanted, the soiucc region and the 
drain region that the rest of said semiconductor thin film, the gate electrode fiicing said 
channel regi(m and being wider than it, the gate insulating fihn insulating said gate oI(m:I.]0(1(^ 
fi'om said channel region, the source region, and the drain region. 

l0()14] In tins tliin film transistor, because the carrier concenljation is loweiod l)v inakinir 
mipunty element mactivate by ion unplantation in the channel region, the resistant value of 
this region is high. Accordingly in the normal conditicm, the conductivity between the 
somxe region and the drain region is OFF by this channel region. Then, when a voltage V\, 
is appHed to the gate electrode, an electric field by the voltage on operates the whole 
channel region thi-ough the gate insulating film, and of which field effect increases the carrier 
concentration of the channel region, consequently the resistance of the channel region is 
decreased. When the voltage Vg reaches the threshold voltage Vm, the conductivity between 
the source region and the drain region becomes ON. 

[0015] The gate voltage necessaiy for reversing the thin film transistor to ON, that is to 
say, the threshold voltage Vth depends on the carrier concentration of the channel region in 
case that the gate voltage Vjr is zero. This carrier concentration is a concentration of an 
active impmity element in the channel region, which is subtracted the concentration 
inactivated by ion implantation in the channel forming process fioni the impiuity 
concentration at depositing the semiconductor thin film with liigli impurity concentration in 
the depositing process. Besides, because the impurity concentration at deposit can he 
controlled precisely by a deposit apparatus and the number of implanted ions can be 
controlled precisely in ion implantation, the concentration of the active impuritj^ element in 
the channel region can be controlled precisely and the reproducibihtv^ is high. Consequently, 
even if a large number of thin fihn transistors ai'e formed on one substrate, the uniformity of 
the threshold voltage Vth of each thin film transistor is high. 
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[0016] Besides, in tliis thin film transistor, because the channel region, the source region and 
the di-ain region ai-e formed as one layer of the senaiconductor tliin film with high impurity 
concentration, a contact resistance between the channel region and the source and the drain 
regions is extremely low and a channel length can be shortened. Accorduagly ON resistance 
is low and high-speed operation is possible. 

[0017] The followings ai^e explanations by giving preferable situations for accomphshing said 
purpose further satisfactorily. 

[0018] [Situation l] In a manufacturing method of a thin film transistor of claim 1, a 
manufactming method of a thin film ti-ansistor wherein ion implantation in said channel 
forming process is perfonned by patterning with photoresist mask, and an electrode forming 
process for forming a source electrode and a drain electrode on a somcc region and a drain 
region formed on said semiconductor thin film in said channel forming process is included. 
[0019] [Situation 2] In a manufactuiing method of a thin film transistor of claim 1, a 
manufactming method of a thin film transistor wherein an electrode forming process for 
forming a source electrode and a chain electrode on the portion to l)o a source legion and a 
ch-ain region of a semiconductx)r tliin film deposited in said depositing- i)r(K:ess is included, and 
ion implanting is peiformed in said channel fomiitig process using this somce electrode fuid 
the drain electrode as pattern masks. 

[0020] In manufacturing methods of these situations 1 and 2, because a source electrode and 
a di-ahi electrode for a source region and a drain region are formed in an electrode forniin^^ 
process, an ohmic contact between the som-ce and the drain regions and a whing is obtained 
by the source electrode and the drain electrode. Especially, in the manufacturing method of 
situation 2, because the source electrode and the di-ain electrode are used as the pattern 
masks at ion implantation, it is not necessaiy to perform photohthogiaphy . for ion 
implantation only, and the number of times of photo can be reduced. 

[0021] [Situation 3] In a manufactuiing method of a thin film transistor of situation 1 or 
situation 2, a manufacturing method of a thin film transistor wherein a stopper forming 
process for forming an etching stopper layer on a portion to bo a channel region of a 
semiconductor thin film deposited in said depositing process, or on a channel region formed 
on said semiconductor thin film in said channel forming process is included. 
[0022] In this manufactin-ing method, the etching stopper layer formed in the stopper 
fomiing process prevents the portion to be the channel region of the semiconductor thin fihn 
or the channel region formed on the semiconductor thin film fi-om being etched in etching an 
electrode layer in an electrode forming process. For, under the condition that the electrode 
layer is etched, because the semiconductor thin film is also etched fi-equently, it is necessaiy 
to prevent it fi-om being etched. Therefore, the timing in performing tliis stopper forming- 
process can be before the electrode forming process, and also before or after formmg the 
channel region on the semiconductor thin film in the channel forming process. 
[0023] [Situation 4] In a manufactming method of a thin film transistor of claim 1, situation 
1, situation 2, or situation 3, a manufacturing method of a thiii film transistor wherein a 
semiamductor thin film deposited in said depositing process is an amoiphous silicon thin film 
or a polyxrystalhne sUicon thin film, and an ion implanted in said chamiel forming process is 
an ion of element of one or not less than two selected fi-om a gi'oup c()mj)rising Si, F (fluorine), 
and Ai- (argon). 
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[0024] In this manufacturing method, an amoiphous silicon thin fihn or a poly ciystalline 
silicon tliin fihn with high impurity concentration can be deposited controlling the impmity 
concentration precisely by a normal depositing appai-atLis. Si, F and Ai- have an operation 
for inactivating the impurity element by which they are ionized and implanted into the 
amoiphous siHcon tliin film or the polyciystaUine silicon thin film, and arc suitable for 
forming the channel region. 
[0025] 

[Embodiment] An embodiment of the present invention is explained in detail referring to 
FigLu-es. In a manufacturing method of a tliin film transistor concerned in each 
embodiment explained below, a large number of thin film ti-ansistors are mani-ifactmed in a 
matiix shape on a transpai-ent glass substrate for using as switching elements of a hquid 
ciystal display device. However, for convenience* sake, only one thin fihn transistor is shown 
in Figures. 

[0026] First embodiment. This embodiment corresponds to claim 1, situation 1, situation 3 
concerned in situation 1, and situation 4 concerned in situation 1. 

[0027] This embodiment, as shown in Figure 3, fimdamentally comprises; forming a ^^nte 
electrode on a glass substrate (Si), forming a gate insulating fihn (S2), forming a 
poly-ciystaUine sihcon film as a doped film with high impurity concentration (S3), forming a 
channel region by implanting ions into one portion of this polyciystaUine silicon fihn and 
making the rest somce and di-ain regions (S4), forming a channel st()])i)or fihn covering this 
channel region (S5), removing a superfluous portion of the source and the draiJi regions (8(0, 
foiming the som-ce and di-ain regions (S7), last of aU, covering the whole with a i)r()(octivc 
film (S8). The following is a detailed explanation vising Figme 1 and Figiue 2. 
[0028] Figure 1 (a) shows a cross sectional view of the condition to form a gfite electrode 41, a 
gate iiisidating fihn 42 and a polyciystaUine sihcon film 10 with high impurity concentration 
on a glass substrate 50. Among these forming processes, forming the gate electrode 41 and 
the gate insulating fihn 42 is a gate structm-e forming process in claim 1, and forming the 
polyciystaUine sihcon fihn 10 with high impurity concentration is a depositing process in 
claim 1. 

[0029] First, the gate electrode 41 is fomied with metal such as molybdenum etc. or 
polyciystaUine silicon on the glass substrate 50 (Si of Figvue 3). Tliis gate electrode 41 is 
formed by depositing a daubed fihn of metal or polyciystaUine sihcon on the glass substrate 
50 with sputtering or CVD, and by processing the film into the decided shape with 
photolithogi-aphy and etching. In case of using polyciystaUine sihcon, an impurity is made 
to contain for making sure of the conductivity 

[0030] Next, the gate insidating film 42 is formed on the glass sul)s(.rate 5!) includhig the gate 
electrode 41 (S2 of Figui-e 3). The quahty of the materiid of the gate msulating film 42 is not 
Umited especiaUy il it is exceUcnt in insulating properties, but it is g(Mieral to form the film 
using sihcon oxide (SiOx), sihcon nitride, etc. by CVD. Though the gate insulating film 42 
exists on aU the surface of the glass substrate 50 within range of bemg shown in Figiu^e 1 (a), 
because it is not necessaiy in the portion except the thin film transistor, for example in the 
portion for forming a hquid crystal element etc., the urmecessaiy portion is removed by 
photohthography and etching. 

[0031] Successively the polyciystaUine sihcon film 10 with high unpurity concentration is 
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formed on the gate insulating film 42 as a daubed film hy CAT) (S3 of Figiu'c 3). This 
poly-aystaUine sihcon fih^i 10 becomes a chamiel region and som*ce and drain regions in the 
thin film transistor, and is insulated fi-om the gate electrode 41 by the gate insulating film 42. 
Then, an impmity with the decided concentration is made to contain in this polj^ ciystalhne 
sihcon film 10 at deposit. This impuiitj^ is an element imparting the conductivity to silicon 
such as phosphorus (P), boron (B), etc. The concentration of this impmity is laigh 
concentration obtaining the suitable conductivity for the source and the drain regions of the 
thin film transistor. Concretely, the poly ciystaUine silicon fihn 10 with high impiu ity 
concentration is deposited by mixing impurity supplying gases such as phosplnne (PH.:) and 
diborane (B2H(;) as an atmosphere gas of CVD at the decided ratio. The reason for making 
this impurity element contain at deposit is that it cannot bo nv\i\c in contain hy solid-phases 
diffusion etc. after deposit because the substrate is the glass substrate 50 being G;\silv 
affected by heat. Besides, the poly-crystalUne sihcon film 10 is used in tliis case, but an 
amoiphous sihcon film can be used if it has high impurity concentration. 
[0032] Figiue 1 (a) shows the condition having been to S3. Sul)sequent FigLire 1 (b) shows 
ion implantation in a channel forming process in claim 1. 

[0033] Fii'st, in order to perform this ion implantation, a resist mask (51 is patterned by 
photohthography. The resist mask 61 covers the portions to be somce and diam regions in 
the polyciystaUine sihcon film 10, and has a hole in the portion to be a channel region. This 
hole portion is located over the gate electrode 41 and is nai'rowcvr l:han th(,^ gate oloctiodo. 
Then, the ion implantation is performed in condition that this resist mask 61 exists (S4 of 
Figm-e 3). The ion imi:)lanted here is an ion of element among Si, F, or Ar. These ions liav(^ 
functions not making contribute to carrier grant by inactivating the impurity element 
contained in the polycrystalline sihcon film 10. 

[0034] When this ion is implanted, the ion penetrates mto the portion where the resist mask 
61 is opened m the poly-ciystalhne silicon film 10, and the portion becomes a channel region 
1. In this channel region 1, the impurity element is mactivated by the ion implanted, and 
the conductivity is lowered by reducing the cairier concentration. On the other hand, 
because the ion is masked in the portion covered with the resist mask (il, the cai'rier 
concentration of the poly-ciystalhne sihcon film 10 is kept high value at deposit. These 
portions ai'e used for source and dram regions. After the ion implantation, the resist mask 
61 is removed. Besides, because the thermal dtfftision is not performed after this ion 
implantation, the glass substrate 50 is not damaged thermally. 

[0035] Next, as shown in Figvu'e 1 (c), a charmel stopper 43 of sihcon nitride is formed on the 
polyciystaUine sihcon film 10 by CVD (S5 of Figm-e 3). The channel stopj^er 43 is im 
etching stopper for preventing the channel region 1 fiom being etched in an elxJiing 
processing of the somxe and drain electrodes mentioned later, and formed so as to cover the 
channel region 1 and to jut ovit a little into the outside. Forming this diannol stx)ppcr 43 is a 
stopper forming process in situation 3. 

[0036] Successively, as shown in Figure 2 (a), the unnecessaiy portion of the polyciystaUine 
silicon film 10 is removed by photohthogi-aphy and etching. Consequently, som-ce and chain 
regions 2 are processed (S6 of Figui*e 3). Besides, forming the channel stopper 43 of Figvire 1 
(c) and processing these source and di-ain regions 2 can be exchanged in order. 
[0037] Next, as shown in Figure 2 (b), source and drain electrodes 44 are formed on the 
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soui'ce and di-ain region 2 with metal such as alvuninum etc. (S7 of Fi^u-e 3). Forming these 
soiu'ce and di-ain electrodes 44 is performed by formiiif^ a daubed fihn of the metal by 
sputtering or CVD and processing by photoUthogi*aphy and etcliing. In (liis etching pn^cess, 
because the poly-ciysialline sihcon film 10 is also etched vmder the condition of etching the 
som-ce and dt-ain electrodes 44, it is possible that the channel region 1 is damaged so that it is 
necessaiy to take measures to prevent it. In this case, the channel stopper 43 performs 
preventing fimction for protecting the channel region 1. The source and diain electrodes 44 
formed in this way cover the upper side of the som'ce and di-ain regions, and ohmic contact 
between them can be obtained. Forming the source and diain electrodes 44 is an electrode 
forming process in situation 1. 

[0038] Then, after forming the necessaiy wiling, as shown in Figiue 2 (c), a protective film 45 
of silicon nitride or sihcon oxide is formed by CVD and covers the whole (S8 of Figure 3), 
consequently a thin film transistor device is accomphshed. 

[0039] The thin film transistor manufactiu*ed in this way comprises- the channel region 1 
which is one portion of the poly ciystalline silicon film 10 with hi^h imj)uri(:y concentration 
and wherein an impm-ity element is inactivated by performing ion implantation of elemei^t 
among Si, F, £md AiS the source and drain regions 2 that the rest of the poly ciystalhne silicon 
film 10; the gate electrode 41 facing the chamiel region 1 and provided wider than (lie 
channel region l; the gate insLdating film 42 insulating the ch^uinel region 1 and the source 
and drain regions 2 fiom the gate electrode 41; and the source^ and drain oloctr()cl(\s 44 
commg into ohmic contact with the source and drmn regions 2. A large number of tlio I bin 
film transistors of this kind are provided in matiix shape on the glass sul)strato HO, and 
operate as switching elements of the Hquid ciystal display device. 

[0040] The thin film transistor like this has high resistant vakie of the channel region 1. For, 
in this region, the carrier concentration is lowei*ed because the impurity element is 
inactivated by ion implantation. Accordingly in the normal condition, when the voltage is 
apphed between the source and drain regions 2 with the som-ce and drain electrodes 44, 
these are not conducted each other However, when the voltage is applied to the gate 
electrode 41, an electric field by the voltage Vg affects the whole of the channel region 1 
through the gate insulating film 42, of wliich field effect increases the carrier concentration of 
the channel region 1 and the resistance is decreased. Then, when the gate voltage Vj. 
reaches the threshold voltage V^h, an electricity is conducted between the source and drain 
regions 2. That is to say, the thin film transistor is reversed to ON. 

[0041] The gate voltage V^, necessaiy for ON reverse of the thin film transistor, that is to say, 
the threshold voltage Vth depends on the carrier concentration of the channel region 1 m case 
that the gate voltage V^, is zero (hereinafter referred to as an original carrier concentration). 
The original earner concentration is a concentration of active impurity element in the 
channel region 1, which is subtracted the concentration inactivated by ion implantation (S4 
of Figm-e 3) fiom the impurity concentration at depositing the polyciystalUne sUicon film 10 
v^ith high impurity concentration (S3 of Figure 3). Because the poly-ciystaUine sihcon film 
10 is deposited with high impmity concentration here, the concentration can be controlled 
precisely at CVD appai'atus, and the precision of the impmity concentration of the 
polyciystaUine sihcon film 10 is high. Then, the number of ions implanted is controlled 
precisely in ion implantation. Therefore, the original carrier concentration in the channel 



8 



09-074207 



region 1 is precise. Accordingly, the miiformity of the tlii-eshold volta^cj Vti, of each thin film 
transistor formed on one substrate is high. 

[0042] Tliis means that the multi'gradation opei*ation of the hqmd ciystal display de\dce is 
possible. According to this thin film transistor, the number of gi'adation of display operation 
on the hquid ciystal display device can be not less than 128. 

[0043] Also, in tliis thin film transistor, because the channel region 1 and the som-cc and 
drain regions 2 are deposited as the pob^xiystaUine sihcon film 10 with higher impurity 
concentration, and the channel region 1 is distinguished ft'om the soiu-ce and drain re^ons 2 
by ion implantation, the contact resistance between the chamiel region 1 and the source and 
drain regions 2 can be almost left out of consideration. Also, the cliannel length can ho 
shortened. Accordingly the resistance at ON reverse is small and high-speed operation is 
possible. Especially, in case of using n-tyi^e phosphorus etc. as the impurity clement of tJie 
poly-ciystalline sihcon film, because the mobUity of electrons is higher than that of holes, 
furthermore high-speed operation is possible. 

[0044] Besides, forming the channel regionl and the source and ch'ain regions 2 as one layer 
of the polyxrystalhne sihcon film 10 in this thin film transistor reduces one time of 
photoUthography and the number of photo mask, therefore, it does not make the 
manufacturing process comphcated and is profitable in manufactuiing cost. 
[0045] Also, because a high temperatiue thermal processing such as thermal diflPusion etc. is 
not used, a thin film transistor can be formed on a substrate without causing thermal 
damage. Consequently, this method is suitable for forming a tliin film transistor as a 
switching element of a hquid ciystal display device on a glass sul)strate affected easily by 
high temperatiure. 

[0046] According to the fii'st embodiment explained above in dc^tail; because the 
poly-crystalline sihcon film 10 with high impurity concentration is deposited, of which one 
portion is made to l^c the channel region 1 by performing inactivation of impurity ekiment 
with ion implantation and the rest is used as the sovu'ce and drain regions 2, a large nuinhor 
of thin film transistors can be manufactured on the glass substrate 50 without heating up to 
high temperatm-e excessively so as to make threshold voltage Vth uniform in simple 
manufactuiing process. Besides, in the thin film transistor manufactmed in this way, ON 
resistance is low and high speed operation is possible. Consequentb^; multi giadation 
operation and high speed operation of the hquid crystal display device are possible, 
[0047] The second embodiment. Tliis embodiment coiresponds to claim 1, situation 2, 
situation 3 concerned in situation 2, and situation 4 concerned in situation 2. 
[0048] This embodiment, as shown in Figure 6, fundamentally comprises; forming a gate 
electrode on a glass substrate (Sll), forming a gate insulating film (Sl2), forming a 
poly ciystalhne silicon film as a doped fihn with high imi)uri(y concxuitration (S.I 3), fonniiig a 
chamiel stopper film covering a portion to be a channel region in the poly ciystallme silicon 
film (S14), removing a superfluous portion (S15), forming source and drain electrodes (SKO, 
forming a channel region on one portion of the polyciystallme sihcon film by implanting ions 
and making the rest source and drain regions (Sl7), last of all, covering the whole with a 
protective film (S18). The following is a detailed explanation usmg Figvu-e 4 and Figvire 5, 
quoting the previous description common to the first embodiment, and emphasizing a ptnnt 
of difference. 
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[0049] Forming the gate electrode 41 on the glass substrate 50 (STl of Fi^xiro (>), formin^r the 
gate insulating fihn 42 (S12 of Fig^ne 6), and forming the pob^xrystalline silicon lihn 10 (an 
amoiphous sihcon fihn is possible) with high impmity concentration (Si 3 of Figiu'e 6) are the 
same as those of the first embodiment (SI to S3 of Figuie 3). Figvu-e 4 (a) shows the 
condition having been to S13 and the same structure of Figme 1 (a). 

[0050] Next, as shown in Figxu^e 4 (b), a channel stopper 43 of sihcon nitride is formed on the 
poly-ciystalline sihcon film 10 by CVD (814 of FigLU'e 6). The channel stopper 43 is ;in 
etching stopper for preventing the portion to be a channel region in the polyciystalJine 
sihcon film 10 by ion implantation mentioned later fi'om being etched m an etching process of 
the source and drain electrodes mentioned later, is formed so as to cover the portion and io 
jut out a httle into the outside. This channel stopper 43 and its formation is the same as the 
explained matter by S5 of Figm-e 3 of the fii-st embodiment (Figure 1 (c)). However, in this 
. embodiment, a total film thickness of the channel stopper 43 and the poly ciystalhne sihcon 
film 10 needs to be thinner than a film thickness of the gate insulatmg film 42. For, ions are 
prevented fi-om penetrating into the glass substrate 50 in ion implantation mentioned later. 
[0051] Successively, as shown in Figme 4 (c), an unnecessjuy portion of the poly crystaJluie 
silicon fihn 10 is removed by photohthogivaphy and etching (S15 of Figvu'e (>). By this 
etching, only the portions to be the channel region and the source and drain regions of (:he 
thin film transistor in the polyciystaUine sihcon film 10 remain. 'Jliis etchmg corresponds 
to Figure 2 (a) and S6 of Figiue 3 in the fii'st embochment. Besides, forming tlie cliannel 
stopper 43 of Figure 4 (b) and this etching process can be exchanj^o in order. 
[0052] Then, as shown in Figture 5 (a), the source and diain electrodes 44 are formed with 
metal of aluminum etc. on the portions to be the source and drain regions in the 
poly-crystalhne silicon film 10 (S16 of Figure 6). Formmg the source and divain electrodes 44 
is performed by forming a daubed film of metal by sputtering or C\nJ, on which a resist mask 
62 is formed by photohthography and processing the daubed film by otcliin^^ In this e telling 
process, because the polyciystalhne sOicon fihn 10 is etched under the condition of etching 
the source and drain electrodes 44, it is possible that the portion to be the channel region is 
damaged and it is necessaiy to take measures to prevent the fihn fi^om bemg etched. In this 
case, the channel stopper 43 performs preventing ftmction for protection of the fihn. The 
som-ce and drain electrodes 44 formed in this way cover the upper side of the portions to be 
the source and drain regions, and ohmic contact between them cmi be obtained. Forming 
the source and drain electrodes 44 is an electrode forming process in situation 2, and 
corresponds to Figure 2 (b) and S7 of Figvu^e 3 in the first embodiment. 

[0053] Next, the channel region 1 is formed by ion implantation (S17 of Figtue 6 and Figure H 
(b)). This ion implantation corresponds to Figme 1 (b) and S4 of Figure 3 in the first 
embodiment, and is a channel formhig process in situation 2. Therefore the implanted ion is 
the ion of element among Si, F and Ai*. In this case, because the resist mask 62 in itself 
made in the previous forming process for the som'ce and di'ain electrodes 44 masks ions by 
functioning as a stopper against ions, ions are not implanted into the portion to be the source 
and drain regions and implanted into only the portion to be the channel region in the 
polycrystalhne sihcon film 10. In the portion, the hnpmity element is inactivated by the 
implanted ion, and the conductivity is lowered by which the carrier concentr<Uion is reduced, 
consequently this portion becomes the channel region 1. On the other hand, because the ion 
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is masked iii the portion covered with the resist mask 62 and the source and diain electrodes 
44, the carrier concentration is kept high value at deposit. These portions ai-e used for the 
source and di-ain regions 2. Besides, because thermal diffusion is not pcrfomied after this 
ion implantation, the glass substrate 50 is not damaged thermallj^. 

[0054] At this time, the acceleration energy of the implanted ion is n low onor^'y that ions is 
not passed through the gate insulating jSlm 42 in a region outside the resist mask G2 and the 
source and drain electrodes 44 in Figure 5 (b). Because the glass substi-ato 50 in this i^iortion 
is covered with only the gate insulating film 42, in case of implanting witJi too liigh encM;^^; 
ions penetrate into the glass substrate 50 through the gate insulating film 42, and cause; 
unfavorable phenomena as a display device such as cloud of (,ho glass etc. On the ot her 
hand, energy to some extent is necessaiy as the implmited ions distribute over the whole 
thickness of the polyxiystaUine silicon film 10. When the acceleration energ>^ is too low, the 
portion where the canier concentration is high remains in the ])()rti()n a little to the gate 
insulating film 42 in a thickness of the polyciystaUine silicon film 10, and obstruction in the 
function as a thin film transistor is caused. In this case, as above-mentioned, because a total 
film thickness of the channel stopper 43 and the poly-ciystaUine silicon film 10 is thinner 
than a fihn thickness of the gate insulating film 42, the acceleration energy wherein ions do 
not penetrate into the glass substxate 50 and distribute ovei- <;he whole tliickness of the 
poly-ciystalhne silicon film 10 can be chosen. 

[0055] Besides, the ion implantation is performed leaving the resist mask 02 as it is in Figui o 
5 (b), but the ion implantation can be performed after removing the resist mask 02. Fo!\ a 
self-alignment fionction of the source and drain electrodes 44 having the same pattern as \ho 
resist mask 62 prevents ion implantation into the portion except the portion to l)e the 
channel region, 

[0056] Then, after forming a necessaiy wiling, a protective fihn 45 of silicon nitride or silicon 
oxide is formed by CVD as shown in FigLire 5 (c), and covers the whole (S18 of Figure f>), 
consequently a thin film transistor device is accomphshed. 

[0057] The thin film transistor manufactm^ed in this way has the same constitution as that of 
the first embodiment. That is to say it comprises: the channel region 1 which is one portion 
of the poly-crystaUine sihcon film 10 with high impurity concentration and wherein the 
impurity element is inactivated by implanting ion of element among Si, F, and Ar; the source 
and drain regions 2 that the rest of the polyciystalUne silicon film 10; the gate electrode 41 
facing the channel region 1 and provided wider than the channel region 1; the gate insulating 
film 42 insulating the channel region 1 and the source and drain regions 2 fiom the gate 
electrode 41; and the source and drain electrodes 44 obtauiing ohmic contact with the source 
and drain regions 2. A large number of the thin film transistors of like this are provided in 
mati-ix shape on the glass substrate 50, and operate as switching ekunents of the liquid 
ciystal cUsplay device. 

[0058] Therefore, in the same way as the fiist embodiment, the tliin film transistor of the 
second one has the chai'acteristics that the threshold voltage Vth of each thin film transistor 
has high uniformity accordingly a multi-giadation operation of the hquid ciystal display 
device is possible. Besides, because the contact resistance between the channel region 1 and 
the som-ce and drain regions 2 can be ahnost left out of consideration and the channel length 
can be shortened, the thin fihn transistor of the second embodiment is cdso the same as the 
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fil-st one on the point that ON i-esistance is small and hij;h-si)cod o|.)ciation is ])()ssihlo. 
Fm-thermore, needless to say, the channel region 1 and the souice and di-ain regions 2 are 
deposited as one layer of the polyciystalline silicon film 10, and photolithogi-aphy only for the 
ion implantation using the resist mask 62 for the som'ce and drain electrodes 44 processing 
or the som-ce and di-fun electrodes 44 themselves as pattern masks is not performed, 
consequently, the manufactming processes m-e cut shaiply. Besides, because high 
temperature thermal processing is not peifonned, a thin film ti ansistor can be formed on a 
glass substrate easily affected by heat, and can be used for a switching element of a hquid 
crystal display device. 

[0059] According to the second embodiment explained in detail above, the poly-ciysttilhnc 
sihcon film 10 with high impmity concentration is deposited, the som-ce and drain electrodes 
44 are formed on the portions to be the source and drain regions 2 in the poly ciystalline 
sihcon film 10, the channel region 1 is formed by which inactivation of impmity element is 
performed by ion implantation on the portion not covered with the somce and diain 
electrodes 44 in the poly-ciystalhne silicon fihn 10, and the rest is used Ibr the sourcx; and 
drain regions 2, consequently, a large mmaber of thin fihn transistors can be manufactui-ed on 
a glass substrate 50 without heatmg up to high temperatm-e excessively so as to unify thou- 
threshold voltages Vth, with simple manufacturing processes. In the thin film transistor 
manufactured in this way ON resistance is low and high-speed operation is possil)le. 
Accordingly, the multi-gradation operation and high-speed operation are possible. 
[0060] E^lanations based the first and the second embodiments are performed al)ove, 
however, the pi-esent invention is not hmited to said each embodunent in any way needless 
to say, various designs can be changed within range of the gist of the present invention. For 
example, the concrete ingiedient of various thin films such as an msulating film, a met^d film, 
etc. shown in said each embodiment can be exchanged to other one having the same fimction. 
[0061] Also, an example for fonning a thin film transistor on a glass substrate for using us a 
switching element of a hquid ciystal display device is shown in said each embodiment, 
besides, the present invention can be apphed in case that a tliin film transistor is formed on 
an object easUy affected by high temperature thermal processing. For example, it is thought 
that it can be apphed to formmg a transistor after the second layer of t he tluee diraensitmal 
integrated chcuit. For, an alummum wiring etc. for a transistor of the fii-st layer 
manufactured previously is easily affected by high temperature thermal processing 
[0062] 

[Effect] According to a manufactming method of a thin film transistor concerned in the 
present mvention, a semiconductor thin fihn with high impurity concern tiation is deposited, 
mactivation of impmity element is performed by ion unplantation on one portion of the 
semiconductor film to be a chamiel region, and the r-est become somce region mid drfiin 
regions, consequently a stable and uniform thi-eshold volbige V,i, of a tliin film transistor 
manufactured is obtained. Besides, becaxise high temperatxu-e thermal pi-ocessing pi-ocess is 
not used, the thin film transistor of this kind can be formed on a substrate easily affected by 
high temperatm-e. 

[A brief explanation of Figm-es] 

[Figure l] An explanatory view of a manufactming method of a tlun fihn transistor 
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concerned in the fii-st embodiment. 

[Figui-e 2] An explanatoiy view of a manufactming method of a tliin fihn ti-ansistor 
concerned in the fiist embodiment. 

[Figiue 3] A figiue Showing a flow of a manufacturing method of a tliin Hhn transistor sJiown 
in Figures 1 and 2. 

[Figm-e 4] An explanatoiy view of a manufacturing method of a thin film transistor 
concerned in the second embodiment. 

[Figiure 5] An explanatoiy view of a manufactming method of a thin film transistor 
concerned in the second embodiment. 

[Figiue 6] Afigm e showing a flow of a manufactming method of a tliin film transistor shown 
in Figures 4 and 5. 

[Figm-e 7] A figm-e showing a flow of the conventional manufacturing method of a tliin film 
treuisistor. 

[Figure 8] An explanatoiy view of the conventional manufacturins? method of a thin fihn 
transistor. 

[Explanations of marks] 

1 channel region 

2 source and di-ain regions 
10 poly-crystalline sihcon film 

41 gate electrode 

42 gate insulating film 
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[Figure 3] 



Formation of gate electrode 
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Formation of gate insvUating film 
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Formation of poly-silicon film with high impvuitv concentration 
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Formation of channel region by ion implantation 
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Forming of channel stopper 
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Processing of source and drain regions 
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Formation of source and drain electrodes 
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Formation of protective film 
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[Figure 6] 



Formation of gate electrode 
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Formation of gate insulating film 
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Formation of poly-sihcon film with high impurity concentration 
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Formation of channel stopper 
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Processing of poly silicon filin with high impurity concentration 
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Formation of source and drain regions 
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Formation of chamiel region by ion implantation 
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Formation of protective film 
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[Figm-e 7] 



Formation of gate electrode 
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Fonnation of gate insulating film 
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Formation of channel JBlm 
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Formation of channel stopper 
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Processing of channel layer 
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Formation of source and drain layers 
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Formation of source and drain electrodes 
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Formation of protective film . . . h 
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